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INTRODUCTION
This event listing is a comprehensive reference for the hard X-ray bursts detected with the
Hard X-Ray Burst Spectrometer (HXRBS) on the Solar Maximum Mission (SMM) from the time of
launch on February 14, 1980 to August 1985. It is a revised and updated version of the previous
two HXRBS event listings issued as NASA Technical Memorandum 83925 in April 1982 and
84998 in March 1983. This document completely supersedes the earlier listings. An additional
table after the main listing gives the largest events detected with peak counting rates greater than
10,000 counts s"1.
The X-ray counting rate time profiles with Is resolution are available on microfiche for most
of the events in this index. One plot is given for each event showing the total counting rate inte-
grated over the full energy range of the instrument as a function of Universal Time. Copies of these
microfiche can be obtained from the authors or from the National Space Science Data Center,
Code 601, NASA/GSFC, .Greenbelt, MD 20771.
Over 7800 events were detected with HXRBS during the six years of operation covered by
this listing. A plot of the number of events recorded per day from 1980 to 1985 shown in Fig-
ure 1 reflects the changing solar activity. Nearly all of the events in this listing are solar flares.
Perhaps 11 are non-solar gamma-ray bursts (indicated by NS in the FLAGS column) and ~ 200
probably resulted from passage through regions of trapped charged particles (indicated by AX in
the FLAGS column). Many of the events detected in 1980 are also included in the Solar Maxi-
mum Mission Event listing (Pryor et al., 1981), and the reader is referred to that catalog for more
extensive data on those events. It is planned to republish that earlier listing in the near future.
Also, a similar extensive listing of SMM observations will soon be published covering events de-
tected after the repair mission in April 1984.
The duty cycle for the detection of solar flares was about 60% as a result of the circular SMM
orbit with an altitude of 500 km and an inclination of 33°. The orbital period is 95 minutes with
60-65 minutes in the sun and the remainder behind the earth. On 7 or 8 orbits per day, 5 to 30
minutes of data are lost because the HXRBS high voltage power supplies are commanded off as
the satellite passes through the high charged-particle fluxes in the South Atlantic Anomaly. The
HXRBS was turned off occasionally for longer intervals as a result of satellite difficulties. The
two longest intervals in 1980 were, (1) July 29 at 2100 UT to August 1 at 1500 UT, and (2) De-
cember 22 at 1800 to December 23 at 2000. All other off times were less than 24 hours in du-
ration. More data were lost during the latter half of 1983 and early 1984 prior to the SMM Re-
pair Mission, when problems were experienced with an onboard tape recorder.
INSTRUMENTATION AND DATA COLLECTION
The HXRBS has been described in detail by Orwig et al. (1980), and the reader is referred
to that paper for a description of the X-ray detector and its various modes of operation. Briefly,
the X-ray detector is an actively-shielded CsI(Na) scintillation crystal with a sensitive area of 71 cm























FIGURE 1. (a) The weekly average number of flares observed with HXRBS per day plotted as
a function of time from 1980 through June 1985.
(b) The fraction of time each day that HXRBS was operating with the sun in the
field of view and for which data were recorded on the data retrieval computers
within 24 hours of the observation.
information. With such a wide field of view, even the failure of the SMM fine pointing capability
on November 25, 1980 did not seriously degrade the HXRBS flare observations. From this time
until the SMM Repair Mission in April 1984, the detector axis drifted as much as 10° from the
sun, but the only effect on the HXRBS solar observations was a periodic fluctuation in the solar-
viewing sensitive area of less than 25%. After the repair mission, the spacecraft has been continu-
ously pointed at the sun with only occasional short offset pointings for comet observations and
other tests.
The basic scientific data from HXRBS consist of the counting rate recorded every 128 ms in
each of the 15 pulse-height channels. In-orbit calibration data showed that these channels covered
the energy-loss range from 25 to 440 keV immediately after launch and then drifted slowly to
higher energies since that time. After the repair mission the amplifier gain was changed by ground
command and the lower energy threshold was restored to ~ 25 keV. This gradual change in range
is documented in Table 1 where the best estimates of the energies of the channel edges are given
for the 15th of each month from launch through 1985. Note that the channel edges are signifi-
cantly different from those given by Orwig et al. (1980).
In addition to these spectral data, an on-board circulating 32K-word memory stored count-rate
data for the bigger flares with finer time resolution. The number of counts with a pulse-height
between the bottom edge of channel 1 and the top edge of channel 15 was recorded in each fine
time interval, At. From launch to April 1982, A was 10 ms, and data were obtained for a 5-minute
period starting 2 minutes before the time during a flare when the counting rate reached a trigger
level of 400-1000 counts s~l. From April to June 1982 At was 1 ms giving a 32-s long data set.
Since June 1982 At has been set to 5 ms giving a 2.5-minute long data set. Data for only one
such interval could be stored each satellite day and read out at night or during passage through
the South Atlantic Anomaly. The absolute time of all counting rate data is known to an accuracy
of a few milliseconds (except where noted in the listing), thus allowing detailed comparisons with
other coincident observations.
EVENT DETECTION
Most of the events in this listing were discovered in the HXRBS data within a day after the
observation. An average of about 90% of the SMM data were received at the Experimenters Op-
eration Facility at Goddard Space Flight Center a few hours after data transmission to the various
ground stations. This percentage has, on occasion, dropped significantly. The HXRBS data were
stripped from the total bit stream and stored on a large disc capable of holding 24 hours of data.
The oldest 10 hours of data on the disc were automatically written onto a magnetic tape (at
800 bpi) every 10 hours and the tapes are kept as archival records. (After December 1980, the ar-
chive tape format was modified so that each tape contains 18 hours of data.) The 24-hour data
base was scanned each day for flares by plotting the counting rate in channel 2 as a function of
time with 16s time resolution. Other rates from the different parts of the instrument were plot-
ted on the same graph, and hard copies of these housekeeping plots, one orbit per page, are saved




The energy loss in keV in the central detector corresponding to the edges of the 15 pulse-height
channels of HXRBS on the fifteenth day of each month from February, 1980 to December, 1983.









































































































































































































































































































































































































































































































































































































































































































































































































































The energy loss in keV in the central detector corresponding to the edges of the 15 pulse-height
channels of HXRBS on the fifteenth of each month from January 1984 to December 1986 (pre-
dicted). Note that the values given for April 1984 reflect the change in gain made on April 19 at
2220 UT, after the SMM repair.








































































































































































































































































































































































































































































































































































































































Note that the different amplifier gain settings were used for short periods resulting in channel edges
that differ from those shown in this table. The dates, times and energy ranges applicable to these
periods are indicated below. The individual channel edges divide the full energy range in the same
ratios as in the above table.
Starting Ending Energy Range (keV)
1981 March 09 at 1607 UT March 12 at 1542 UT ' 12.6-194.2
1981 March 12 at 1542 UT March 18 at 2134 UT 106.4-1332
1981 March 18 at 2134 UT March 23 at 1911 UT 43.5-790.9
1983 January 5 at 2 1 1 1 UT January 7 at 1715 UT 31.9-559.5
1983 October 8 at 1828 UT October 16 at 2110 UT 13.8-214
1984 April 15 at 071 OUT April 17 at 1808 UT 32.8-574.9
1984 April 17 at 1808 UT April 19 at 2220 UT 13.9-214.4
shown in Figure 2. Two flares can be seen in this plot during the daytime part of the satellite orbit.
They are most clearly seen in the channel 2 rate marked 'E' but they are also evident in the other
two central detector rates marked 'A' and 'B'. One flare starts at 0626 UT and is HXRBS event
#1544 and the other starts at 0647 UT and is HXRBS event #1545. Any significant increase in
the channel 2 counting rate above the average background level was examined with finer time res-
olution and recorded as an event unless it lasted for only one 128 ms interval. Such single-interval
spikes are believed to be instrumental in origin and occur a few times per orbit on average. They
most probably result from cosmic-ray interactions in the central detector which release so much
energy that the anticoincidence electronics fails to completely reject the very large pulses generated.
A flare which produces a 10% increase in counting rate lasting for a few seconds can be reliably de-
tected above the ~ counts s~* background rate in channel 2. This corresponds to a detection













DTIME-80/11/06. 0553J41.716 1ST MF- 4433B7 GRAN- 2 SF/MF- 64
UTIME-80/11/06, 1340*03.480 TOT MF- 703 SARS-0987 SC1-8805
CVC- 7
FIGURE 2. An example of a standard housekeeping plot containing counting rates versus Uni-
versal Time for one orbit. The following five counting rates, labelled A through E.
are plotted with a time resolution of 16.384 s: A and B are central detector count-
ing rates, C is a shield rate, D is the charged-particle rate, and E is the counting rate of
X-ray events in pulse-height analyzer channel #2. The double-peaked curve in the
plot between 0600 and 0620 UT is the charged-particle rate in the South Atlantic
Anomaly, when the high voltages were turned off and the other rates go to zero.
The horizontal straight lines at two levels near the top of the plot indicate the day
(upper line) and night (lower line) parts of the orbit.
Once an event has been discovered in this way, a standard plot of counting rate versus time was
made with the counts in all 15 channels added together. Generally, a time resolution of 1.024 s was
used for this plot with a time scale of 1 or 2 minutes per inch depending on the duration of the
event. Hard copies of these plots are saved as a permanent record; an example is shown in Figure 3.
In addition, photographic copies of these particular plots are produced on microfiche, as mentioned
in the Intrduction.
Each legitimate event is given a number, referred to as the HXRBS event number, that uniquely
identifies the burst. The event numbers generally follow a chronological sequence as most events
were identified within 24 hours of their occurrence. A few bursts, however, were only discovered
several months later upon scanning through the complete set provided on magnetic tape by the
Information Processing Division (IPD) at GSFC. These IPD flares are marked in the listing with
the letter "I", and their event numbers are generally out of chronological sequence. A complete
search of the IPD tapes has been made through December 1982, but considerable gaps still exist
after that time. Consequently, while this listing includes all IPD events detected from 1980 through
1982, events after that time which are recorded only on IPD data tapes have not been logged as yet
and are not included in the present listing.
THE EVENT LISTING
The HXRBS event number, the start time, the peak time and the duration are given for every
event in the listing. These times are generally accurate to ~ 5 s. The peak counting rate summed
over all 15 channels is also listed. This rate was obtained from a rate-versus-time plot with a time
resolution of 1.024 s. It is the total rate including the pre-flare background rate of ~ 40 counts s~^
as indicated in Figure 3. The number of the highest channel showing any increase in rate above
background is also listed to give an idea of the X-ray spectral hardness of the event. This high-
est channel number is only approximate and is generally recorded as 2, 5, 10 or 15. The energy
losses in the CsI(Na) detection crystal corresponding to these channels can be obtained from
Table 1.
For the largest flares, i.e., those with peak rates exceeding 100 counts s~l and/or durations of
greater than 200 s, the total number of counts recorded during the flare in excess of the preflare
background is also listed. This gives an indication of the overall size of the burst. Data for these
larger flares were written to individual files on 800 bpi flare tapes; the tape and file numbers are
included in the listing for easy access to the data.
The event listing is arranged in chronological order with one line per event. Each column is
labelled at the top of each page with the following column headings:
1. HXRBS EVENT# — a number to uniquely identify each event. An asterisk preceding the
event number indicates that a note about that event is included at the end of the listing.
2. DOY - the day of the year in which the flare occurred with January 1st as day one.




-i 1 1 1 1 f 1 r*—i 1 1 1 1 1—i 1 1 1 1 1 1 p
0626 0628 0630 0632 UT
SMM/HXRBS PHS COMBINED CHANNELS GSE*-2 PHMASK-7FFF SCI-8805 SARS-03S4
TIME* START-80/11/^06, 0624:23.781 CURRENT-82/02/04, 1358:29.620
SAMPLE* BASE- 28385216 START- 28387367C 2151) END- 28390887( 5671)
AVERAGE SEC (SAMPLE)- 1.0S4C 8) TOTAL SECCSAtfPLE)- 450.563 ( 3S20 )
FIGURE 3. A standard plot of a hard X-ray burst (HXRBS event #1544) showing the rate of
counts in channels 1 through 15 versus Universal Time. The time resolution is
1.024 s, the time scale is 1 inch per minute, and the counting rate is corrected for
instrumental dead time. The start time, peak time, duration, peak rate and total
number of counts are indicated as they are determined for inclusion in the event
listing.
4. START TIME expressed as hour minute :second.
5. DURATION of the event in seconds.
6. PEAK RATE in counts per second. This is the total rate in the full energy range covered
by the instrument (channels 1 - 1 5 ) and does not have the preflare background rate
subtracted (see Figure 2).
7. TOTAL COUNTS - represented the integrated number of counts detected with HXRBS
during the flare in excess of the preflare rate (see Figure 2).
8. MAX. CH.# — the highest channel showing any increase in rate during the flare. See
Table 1 for the energy range of each channel.
9. FLARE TAPE #, FILE # — the tape and file numbers identifying the location of the
event data on the HXRBS 800 bpi flare tapes.
10. FLAGS. The definitions of the letters in this column are as follows:
M Memory data available with 10 ms time resolution.
Ml Memory data available with 1 ms time resolution.
M5 Memory data available with 5 ms time resolution.
I Event discovered well after the event time, in data provided by the Information
Processing Division.
SN Started in spacecraft night.
EN Ended in spacecraft night.
IN Interrupted by spacecraft night.
SA Started when SMM was in the South Atlantic Anomaly (SAA).
ES Ended when SMM was in the SAA.
IS Interrupted by the SAA
SG Started in a data gap.
EG Ended in a data gap.
DG Data gaps during event.
AX Probably the result of passage through trapped charged particles.
ND Noisy data due to faulty data transmission.
NS Possible non-solar gamma ray burst.
FS Flare contains one or more fast spikes with < s duration.
EW Experiment status file contains wrong on-time information.
A separate table of the largest events detected with peak counting rates greater than 10,000
counts s~' is included in this document following the main listing.
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HXRBS DOY START START PEAK DURATION PEAK TOTAL MAX FLARE FLAGS
EVENT DATE TIME TIME SEC RATE COUNTS CH. TAPE#.
YY/MM/DD HHMM:SS HHMM:SS C/S f FILE#
1894 364 80/12/29 0132:05 0132:15 20 76 2
1895 364 80/12/29 0424:10 0424:55 135 778 12088 10 70. 8
1896 364 80/12/29 1031:40 1033:20 107 305 6075 5 70. 9 ES
1897 364 80/12/29 1125:00 1127:30 336 202 12794 2 70. 10
1898 364 80/12/29 1305:30 1305:40 57 357 5293 5 70. 11
1899 364 80/12/29 1425:50 1426:40 130 86 2
1900 364 80/12/29 1429:50 1430:05 205 206 3885 5 70. 12
1901 364 80/12/29 2032:05 2032:35 90 72 2
5779 365 80/12/30 1917:47 1917:58 40 81 2 I
I
43
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OF ALL HXRBS EVENTS WITH A
PEAK RATE > 10,000 COUNTS/S.
February 1980 to October 1985

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Times on archive tapes are low by 17m 28.576s.
Times on archive tapes are low by 4m 30s.
Gain change for these events only as follows:
Energy range 12.6 -194keV.
Energy range 106 - 1332keV.
Energy range 43.5 - 791keV.
Times on archive tapes are low by 24days 20h 31m 24.906s.
Times on archive tapes are low by 3.072s.
Times on archive tapes are high by 5.12s.
Times on archive tapes are high by 5.36s.
Times on archive tapes are high by 5.12s.
Archive tape covers first part of flare, IIPD tape
covers last part.
Energy range 13.6 - 209keV.
Times on archive tapes are high by 3.072s.
Energy range 13.8 3 212keV.
Times on archive tapes are high by 2.41s.





2. Government Accession No. 3. Recipient's Catalog No.
4. Title and Subtitle




6. Performing Organization Code
602.6
7. Author(s)B. R. Dennis, L. E. Orwig, A. L. Kiplinger,
B. R. Gibson, G. S. Kennard and A. K. Tolbert
8. Performing Organization Report No.
86B0023
9. Performing Organization Name and Address




10. Work Unit No.
11, Contract or Grant No.
12. Sponsoring Agency Name and Address
National Aeronautical and Space Administration
Washington, DC 20546
13. Type of Report and Period Covered
Technical Memorandum
14. Sponsoring Agency Code
15. Supplementary Notes
16. Abstract
This event listing is a comprehensive reference for the hard X-ray bursts detected with the Hard
X-Ray Burst Spectrometer on the Solar Maximum Mission from the time of launch on February
14, 1980 to September 1985. Over 8000 X-ray events were detected in the energy range from 30
to 'VSOO keV with the vast majority being solar flares. The listing includes the start time, peak
time, duration and peak rate of each event.
17. Key Words (Selected by Author(s))




Category Listing - 92
19. Security Classif. (of this report)
Unclassified
20. Security Classif. (of this page)
Unclassified
21. No. of Pages 22. Price






Penalty for Private Use, $300




NASA POSTMASTER: If Undeliverable (Section 1 58Postal Manual) Do Not Return
